Abstract The underlying neural causes of the differences between nocturnal and diurnal animals with respect to their patterns of rhythmicity have not yet been identified. These differences could be due to differences in some subpopulation of neurons within the suprachiasmatic nucleus (SCN) or to differences in responsiveness to signals emanating from the SCN. The experiments described in this article were designed to address the former hypothesis by examining Fos expression within vasopressin (VP) neurons in the SCN of nocturnal and diurnal rodents. Earlier work has shown that within the SCN of the diurnal rodent Arvicanthis niloticus, approximately 30% of VP-immunoreactive (IR) neurons express Fos during the day, whereas Fos rarely is expressed in VP-IR neurons in the SCN of nocturnal rats. However, in earlier studies, rats were housed in constant darkness and pulsed with light, whereas Arvicanthis were housed in a light:dark (LD) cycle. To provide data from rats that would permit comparisons with A. niloticus, the first experiment examined VP/Fos double labeling in the SCN of rats housed in a 12:12 LD cycle and perfused 4 h into the light phase or 4 h into the dark phase. Fos was significantly elevated in the SCN of animals sacrificed during the light compared to the dark phase, but virtually no Fos at either time was found in VP-IR neurons, confirming that the SCN of rats and diurnal Arvicanthis are significantly different in this regard. The authors also evaluated the relationship between this aspect of SCN function and diurnality by examining Fos-IR and VP-IR in diurnal and nocturnal forms of Arvicanthis. In this species, most individuals exhibit diurnal wheel-running rhythms, but some exhibit a distinctly different and relatively nocturnal pattern. The authors have bred their laboratory colony for this trait and used animals with both patterns in this experiment. They examined Fos expression within VP-IR neurons in the SCN of both nocturnal and diurnal A. niloticus kept on a 12:12 LD cycle and perfused 4 h into the light phase or 4 h into the dark phase, and brains were processed for immunohistochemical identification of Fos and VP. Both the total number of Fos-IR cells and the proportion of VP-IR neurons containing Fos (20%) were higher during the day than during the night. Neither of these parameters differed between nocturnal and diurnal animals. The implications of these findings are discussed.
INTRODUCTION
The suprachiasmatic nucleus (SCN), a cluster of tightly packed cells in the anterior hypothalamus, acts as the primary circadian pacemaker in mammals. Lesions of the SCN abolish rhythmicity in a variety of domains (Rusak and Zucker, 1979) , transplants of fetal SCN tissue into lesioned animals can restore a number of these rhythms (LeSauter and Silver, 1994; Lehman et al., 1987) , and the period of the restored rhythm is identical to that of the transplant donor (Ralph et al., 1990) . In addition, many rhythms intrinsic to the SCN have been documented. Rates of glucose use and of single-and multiple-unit activity are higher in the SCN during the day than during the night (Schwartz and Gainer, 1977; Schwartz et al., 1980; Greene and Gillette, 1982; Kawamura, 1979, 1982; Shibata et al., 1982) . Thus, the SCN produces its own rhythms and is both necessary and sufficient for many of the circadian rhythms seen in mammals.
A great deal is known about the anatomy and function of the SCN in rats, hamsters, and mice, the most common mammalian species used in circadian research. In these nocturnal rodents, the SCN contains anatomically and functionally distinct subdivisions. The ventrolateral region receives projections from the geniculohypothalamic tract and retinohypothalamic tract, which receive and transmit visual information to the SCN (Card and Moore, 1989; Groos and Meijer, 1985; Moore and Lenn, 1972) . The dorsomedial SCN receives input from the ventrolateral region (Daikoku et al., 1992) and transmits information to the rest of the brain. In addition, the dorsomedial and ventrolateral SCN contain different neuropeptides. The ventrolateral SCN contains fibers with neuropeptide Y (Card and Moore, 1989) , serotonin, and cell bodies with vasoactive intestinal polypeptide (VIP) (Loren et al., 1979; Stopa et al., 1988) . Cells within the dorsomedial SCN contain vasopressin (VP) (Sofroniew and Weindl, 1988) . Concentrations of these peptides in the SCN fluctuate over the course of the day when rats are kept in a 24-h light:dark (LD) cycle (Inouye and Shibata, 1994) .
Although much is known about the SCN and its control of circadian rhythms in nocturnal rodents, relatively little is known about SCN function in diurnal species, and nothing currently is known about how the SCN produces the vastly different patterns of rhythmicity seen in nocturnal and diurnal species. In theory, these differences could be due to differences in some aspect of SCN function, to differences in responsiveness of other brain regions to the signals sent out by the SCN, or to some combination of these two factors. The SCNs of diurnal and nocturnal species are similar with respect to rhythms in some measures of overall function. For example, rates of glucose use and electrical activity are higher during the day than during the night in both nocturnal and (most) diurnal mammals (Gillette and Reppert, 1987; Inouye and Kawamura, 1979; Kurumiya and Kawamura, 1988; Ruby and Heller, 1996; Schwartz et al., 1983) . Some degree of similarity of SCN function in diurnal and nocturnal species is not surprising given that both groups show nocturnal patterns of melatonin secretion and the melatonin rhythm is driven by the SCN (Moore and Klein, 1974) . However, the SCN consists of a variety of subpopulations of functionally distinct cell types with varying inputs and outputs, suggesting the possibility that different subpopulations of SCN cells function differently in nocturnal and diurnal species, which could lead to the different patterns of rhythmicity expressed by these animals. In the experiments presented here, we explored the possibility that one subpopulation of cells within the SCN functions differently in nocturnal and diurnal animals. Specifically, we examined the possibility that VP-immunoreactive (IR) cells in the SCN might be involved in mediation of the rhythmic differences between nocturnal and diurnal species.
The VP-IR cell population represents a substantial component of the SCN in most species and provides one of the major efferent pathways from the SCN. The peptide VP itself is not necessary for circadian rhythms; Brattleboro rats, which lack VP, exhibit rhythms in a variety of parameters (Peterson et al., 1980; Groblewski et al., 1981; Brown and Nunez, 1989) . However, VP and the cells that normally contain this peptide might be essential for normal expression of circadian rhythms. Although circadian rhythms are exhibited by Brattleboro rats, they are somewhat different from those of rats that express VP (Peterson et al., 1980; Groblewski et al., 1981; Brown and Nunez, 1989) . Furthermore, the number of cells containing VP-IR in the SCN is correlated with intraspecific variation in patterns of rhythmicity expressed among nocturnal rodents including mice, rats, and voles (Bult et al., 1993; Wollnik and Bihler, 1996; Gerkema et al., 1994) . For example, strains of rats that exhibit relatively high and uniform levels of activity through the night have far more VP-IR neurons in their SCNs than do strains that exhibit two distinct peaks during the first half of the dark period and almost no activity during the second half (Wollnik and Bihler, 1996) . Some evidence suggesting that VP-IR neurons within the SCN might be functionally different in nocturnal and diurnal animals has come from the study of the predominantly diurnal murid rodent Arvicanthis niloticus. Most A. niloticus are diurnal (Katona and Smale, 1996; McElhinny et al., 1997) , but a small subpopulation of these animals displays nocturnal patterns of wheel-running behavior. Recent work with diurnal members of this species revealed interesting patterns of Fos expression in VP-IR neurons in the SCN. Fos is a nuclear phosphoprotein involved in the regulation of gene transcription and can serve as a useful marker of cellular activity. In the SCN of A. niloticus kept on a 12:12 LD cycle, Fos-IR peaked 1 h after lights on, remained moderate throughout the rest of the light period, and dropped significantly in the dark phase (Katona et al., 1998) . This pattern is fundamentally similar to that seen in nocturnal rodents such as rats and mice (Colwell and Foster, 1992; Earnest et al., 1990; Kononen et al., 1990; Schwartz et al., 1983) . However, whereas Fos-IR nuclei were found in gastrin-releasing peptide-IR and calcium-binding protein-IR neurons of the SCNs of nocturnal rats and hamsters, respectively (Mikkelsen et al., 1994; Silver et al., 1996) , essentially no such double labeling was seen in the SCN of A. niloticus (Katona et al., 1998 ; M. Mahoney, unpublished observations). The Fos-IR within the SCN of A. niloticus was heavily concentrated in the dorsal region where the VP-IR cells are located, and approximately 30% of the VP-IR cells contained Fos (Katona et al., 1998) . This double labeling accounted for 7% of the Fos expressed in the SCN of these animals. This colocalization of Fos-IR and VP-IR in cells within the Arvicanthis SCN is very different from what has been reported for nocturnal species. Fos is not heavily expressed in the dorsomedial VP-containing regions of the SCNs of nocturnal rodents such as hamsters (Kornhauser et al., 1990; Rea, 1992) , mice (Colwell and Foster, 1992) , and rats (Daikoku et al., 1992; Earnest et al., 1993; Mikkelsen et al., 1994; Prosser et al., 1994) . Furthermore, little or no colocalization of Fos and VP-IR has been seen in the rat SCN (Earnest et al., 1993; Mikkelsen et al., 1994; Romijn et al., 1996) . Thus, this rather substantial difference between rats and Arvicanthis raises the possibility that VP-IR neurons within the SCN might function differently in ways that lead to nocturnality in the former species and diurnality in the latter species.
It should be noted that a rhythm in VP has been described in the cerebrospinal fluid (CSF) of a variety of species and that this rhythm is similar in some diurnal and nocturnal species . Specifically, the VP rhythm in the CSF peaks during the day in diurnal monkeys and sheep, in nocturnal rats and rabbits, and in guinea pigs and cats (species with relatively unclear patterns of rhythmicity). The similar CSF rhythms in species with such divergent patterns appear inconsistent with the hypothesis that VP neurons might account for differences between nocturnal and diurnal species. However, three considerations suggest that this conclusion is premature. First, VP-IR neurons might exhibit rhythms in the expression of other messenger substances (e.g., γ-aminobutyric acid). Thus, SCN neurons that contain VP could release different proportions of transmitter molecules at different times of day, and these patterns could differ in nocturnal and diurnal animals. Second, VP cells within the SCN might be functionally heterogeneous, and those with terminals that release VP into the CSF might not be identical to those projecting to other brain regions. Functional heterogeneity in VP cells is suggested by the fact that 30% of VP-IR neurons in the Arvicanthis SCN expressed Fos, whereas 70% did not (Katona et al., 1998 ). Third, it remains possible that the neural mechanisms mediating the evolution of diurnality have not been the same each time this evolutionary transition has occurred. For example, perhaps the proximate mechanism underlying the transition from nocturnal to diurnal patterns involved changes in VP neurons in some taxa, whereas a different mechanism was transformed during this transition in other taxa. For these reasons, the differences in Fos/VP coexpression in the SCNs of nocturnal rats and diurnal Arvicanthis raise the intriguing possibility that they might reflect differences in SCN function that are responsible for the differences in their patterns of rhythmicity.
However, this possibility is highly speculative at present for two reasons. First, in the experiments conducted to date on Fos/VP colocalization, rats and Arvicanthis were housed in fundamentally different lighting conditions. Specifically, Arvicanthis were kept in a 12:12 LD cycle (Katona et al., 1998) , and rats were housed in constant darkness (DD) and pulsed with light during the photosensitive phase (Earnest et al., 1993; Mikkelsen et al., 1994) . Second, the data to date on coexpression of Fos-IR and VP-IR in the SCN come from only one nocturnal and one diurnal species, which is not a sufficient base from which to draw any conclusions about behavioral correlates of differences in neuronal function.
These two issues were addressed in the studies presented in this article. In Experiment 1, we examined the hypothesis that the populations of VP-containing cells in the SCNs are functionally different in nocturnal and diurnal species by examining the expression of Fos-IR in VP-IR cell populations in rats kept in a 12:12 LD cycle. In Experiment 2, we further examined the possibility that differences in Fos/VP colocalization are correlated with differences between nocturnal and diurnal animals by comparing nocturnal and diurnal A. niloticus with respect to this aspect of SCN function. Animals were kept on a 12:12 LD cycle in these experiments because we were addressing the question of how the mechanisms that determine the phase relationships between activity rhythms and the LD cycle differ in nocturnal and diurnal animals.
MATERIALS AND METHODS
Animals in both experiments were kept on a 12:12 LD cycle with a red light (< 5 lux) kept on constantly and were provided food (Harlan 8640 Teklad 22515 Rodent diet) and water ad libitum.
Perfusions and Sectioning
Animals were injected with sodium pentobarbital (Nembutal; rats, 1 cc; Arvicanthis, 0.5 cc) and were perfused either during the day (Zeitgeber Time [ZT] 4, 4 h after lights on) or during the night (ZT 16, 4 h after lights out) with phosphate-buffered saline (PBS, 0.01 M, pH 7.2; rats, 250 to 300 ml; Arvicanthis, 150 ml) followed by 4% paraformaldehyde in 0.1 M phosphate buffer with lysine (75 mM) and sodium periiodate (PLP, 10 mM; rats, 250 to 300 ml; Arvicanthis, 150 ml). Animals perfused during the dark phase were anesthetized and fitted with light-tight hoods covering their eyes prior to and during the perfusions. Brains were postfixed for 8 h in PLP and transferred into 20% sucrose for 24 to 48 h and then cut on a sliding microtome, sectioned coronally at 40 µm, and stored in cryoprotectant (Watson et al., 1986) .
Immunohistochemistry
Every third section was processed for Fos-IR and then VP-IR. Tissue was washed for 1 h in 0.1 M PBS and incubated in normal 5% goat serum (NGS, in PBS) with Triton X-100 (TX, 2%) for 60 to 90 min. Tissue was then incubated in rabbit anti-Fos antiserum (Santa Cruz; rats, 1:5000; Arvicanthis, 1:8000) (Bennett and Schwartz, 1994) with 3% NGS in PBS-TX for 19 to 21 h at 4º C. Sections were then rinsed, incubated in biotinylated goat anti-rabbit antiserum (Vector, 1:200) with 3% NGS in PBS-TX for 2 h, rinsed again, and incubated in avidin-biotin solution (ABC, 1:100) in PBS-TX for 90 min. Tissue was rinsed and placed in a diaminobenzidene nickel solution (Vector) for 5 min with hydrogen peroxide. Sections were then rinsed for 1 h and incubated in guinea pig anti-VP antisera (Penninsula, 1:2000) with 5% NGS in PBS-TX. Sections were then rinsed and incubated in the secondary antisera (biotinylated goat anti-guinea pig, Vector, 1:200) with NGS in PBS-TX for 1 1 ⁄2 to 3 h. Tissue was then rinsed and incubated in ABC for 2 h. Tissue from rats was then placed with the chromagen (VIP, Vector, one-third of recommended concentration) for 3 min. Tissue from Arvicanthis was rinsed and processed according to procedures described in the protocol of the ABC Vectastain kit, using DAB in Trizma buffer (pH 7.2) with hydrogen peroxide to resolve VP-IR. All tissue was then rinsed, mounted, dried, dehydrated, and coverslipped.
Analysis
Camera lucida drawings were made from one section through the middle of the SCN from each animal by two individuals blind to the time at which animals were perfused. The lateral and ventral boundaries of the SCN were very distinct. The dorsal boundary was more diffuse, and in the middle portion of the dorsal SCN, VP-IR neurons extended beyond the traditional boundary of the nucleus (as defined in cresyl violetstained material). Both observers were familiar with the dorsal boundary from earlier examination of the SCN in cresyl violet-stained tissue and used this information to estimate the dorsal boundary. For each section, the numbers of Fos-IR, VP-IR, and doublelabeled cells were counted, and averages of the two counts for each variable were calculated. Scores were analyzed using independent t tests (two-tailed, Experiment 1) and analysis of variance (Experiment 2). Differences were considered significant when p < .05.
Experiment 1
The animals used in this experiment were 12 adult male Rattus norvegicus (Sprague-Dawley, 250 to 300 g, Charles River Laboratories) housed singly for 2 weeks prior to the experiment. Half of these animals were perfused at ZT 4 and half at ZT 16.
Experiment 2
The animals used in this experiment were adult male A. niloticus (> 60 days) bred in a laboratory from a wild group captured in Kenya in 1993 (Katona and Smale, 1996) . Although nearly all of these animals were diurnal when they originally were observed in the laboratory, some exhibited a distinctly different and relatively nocturnal pattern of wheel running (Katona and Smale, 1996) . We have increased the proportion of nocturnal animals in the colony by selective breeding on the basis of wheel-running patterns (Blanchong et al., 1998) so that we were able to use both nocturnal and diurnal Arvicanthis for this study. Specifically, 6 nocturnal and 6 diurnal animals were perfused at ZT 4, and 6 nocturnal and 6 diurnal animals were perfused at ZT 16.
To divide Arvicanthis into nocturnal and diurnal groups, animals were housed individually in cages (28 × 34 × 16 cm) equipped with running wheels (26 cm diameter, 8 cm width) at least 10 days prior to perfusion, and patterns of wheel-running activity were monitored. Each wheel revolution was recorded when a magnetic bar on the wheel closed a switch mounted on the wheel housing. These data were collected and recorded in 5-min intervals using the Dataquest MiniMitter system on a personal computer in an adjacent room. Histograms of average hourly levels of wheel running then were constructed from the final 5 days in running wheels and analyzed to determine which animals had consistent nocturnal and diurnal patterns of rhythmicity. Animals were considered to be inactive during a given hour if the number of wheel revolutions at that time was less than 10% of the daily peak. All nocturnal animals continued running more than 6 h after lights out (range 6 to 8 h), whereas all diurnal animals stopped running by the end of the third hour after lights out (range 1 to 3 h) (Fig. 1) .
RESULTS

Experiment 1
Fos-IR nuclei and VP-IR cells could be clearly seen in tissue taken from rats (Fig. 2) , and double-labeled cells could be seen in hypothalamic regions outside of the SCN. As documented previously in R. norvegicus (Earnest et al., 1990; Kononen et al., 1990) , Fos-IR was significantly higher in the SCNs of rats sacrificed during the light hours than in those of rats sacrificed during the dark hours, t = 4.477, df = 10, p < .001 (Table 1 and Fig. 2) . No difference in the numbers of VP-IR cells was seen between animals sacrificed during the day and those sacrificed during the night, t = 1.927, df = 10, p = .083. No double labeling of Fos and VP was seen in the SCNs of rats sacrificed during the night, and only 0.038% (4 of 1176 cells) of Fos-IR nuclei were found in VP-IR cells of those sacrificed during the day.
Experiment 2
As seen previously with A. niloticus (Katona et al., 1998) , Fos-IR was evident in the nuclei of cells within the SCN (Fig. 3 ) and changed as a function of time of day (Fig. 4A) . Fos was elevated in animals sacrificed during the light phase compared to that in animals sacrificed during the dark phase, F = 45.373, df = 1, p < .001. This pattern was seen in both nocturnal and diurnal groups of A. niloticus, and no difference in the numbers of Fos-IR nuclei in the SCNs was seen between the nocturnal and diurnal animals, F = 1.216, df = 1, p > .05, nor was there an interaction between rhythm type and time of day, F = 0.861, df = 1, p > .05. VP-IR cells also were seen in the SCNs of all animals in this experiment. The numbers of VP-IR cells in the SCNs did not differ between nocturnal and diurnal animals, F = 1.058, df = 1, p > .05, nor did it differ between animals sacrificed in the light versus dark phases, F = 0.710, df = 1, p > .05, nor was there an interaction between these variables, F = 0.190, df = 1, p > .05.
Cells double labeled for Fos-IR and VP-IR could be clearly seen in the SCN (Fig. 3C) , and some interesting patterns emerged (Fig. 4 B,C) . The percentage of VP-IR cells that contained Fos-IR was greater in the SCNs of animals sacrificed during the light phase than in those of animals sacrificed during the dark phase, F = 32.369, df = 1, p < .001 (Fig. 4B) . In both groups, approximately 20% of VP-IR neurons in the SCNs expressed Fos during the light phase (Fig. 4B) . No difference between nocturnal and diurnal animals was detected with respect to this variable, F = 0.297, df = 1, p > .05, nor was there an interaction between these two independent variables, F 0.257, df = 1, p > .05. To determine whether there were regional differences within the SCN, we calculated the percentage of VP-IR neurons that expressed Fos-IR in the four quadrants of the SCN of each animal. No differences among these quadrants were detected. The percentage of Fos-IR cells that also expressed VP was similarly affected by time of day, F = 52.703, df = 1, p < .001, but not by rhythm type, F = 0.026, df = 1, p < .05, nor was there an interaction between these two variables, F = 0.087, df = 1, p < .05 (Fig. 4C) .
DISCUSSION
In Experiment 1, we found that the number of Fos-IR cells in the rat SCN was higher during the day than during the night, as had been reported previously by Earnest et al. (1990) and Kononen et al. (1990) . The number of cells with VP-IR in the rat SCN remained constant. Thus, although rhythms in VP in the rat SCN have been detected using radioimmunoassay of SCN punches taken from animals at different times of day (Inouye and Shibata, 1994) , these rhythms were not detectable with our methods. Little or no colocalization of VP-IR and Fos-IR was seen in the SCNs of rats sacrificed at either of the two time points examined. We are confident, for several reasons, that our techniques would have enabled us to see double-labeled cells if they had been present. First, many Fos-IR nuclei and VP-IR cell bodies were clearly labeled within the rat SCN; the Fos-IR nuclei were dark, and the contrast between them and the relatively light VP-IR cell bodies was distinct. Second, within the SCN, the cell nuclei stained for Fos-IR typically were smaller than the cell bodies stained for VP-IR. Thus, if there had been double-labeled cells, a clear brown rim should have been visible surrounding the blue/black Fos-IR nuclei. Finally, double-labeled cells were easily identified in hypothalamic regions outside the SCN. Thus, with respect to the lack of Fos/VP colocalization in the SCN, rats housed in an LD cycle (this study) are similar to rats housed in DD and pulsed with light during the photosensitive phase (Earnest et al., 1993; Mikkelsen et al., 1994) . However, in this respect, the rat SCN is distinctly different from that of A. niloticus.
In Experiment 2, the expressions of Fos-IR and VP-IR in the SCNs were similar in nocturnal and diurnal A. niloticus. The numbers of cells containing VP-IR were similar in animals sacrificed during the day and those sacrificed during the night, whereas the numbers of SCN cells expressing Fos-IR were markedly elevated during the day compared to the night in the SCNs of both diurnal and nocturnal A. niloticus. Colocalization of VP-IR with Fos-IR also was dramatically elevated in both diurnal and nocturnal A. niloticus during the light period compared to that during the dark period. During the light period, approximately 20% of VP-IR cells in the SCN contained Fos, and 14% of Fos-IR nuclei were found in VP-IR neurons. It should be noted that in an earlier study, we found 7% of Fos-IR nuclei in VP-IR cells (Katona et al., 1998) , half the percentage reported here. The difference almost certainly is due to a difference in techniques used to stain VP-IR. The earlier procedure used benzidine dihydrochlorine and sodium nitroprusside (Mikkelsen et al., 1994) and did not stain as many VP-IR neurons as did the procedure used here. This likely accounts for why less of the Fos in that study was colocalized with VP. Interestingly, daytime Fos was different from nighttime Fos in that it was approximately four times more likely to be expressed within VP-IR neurons. These findings raise questions about both the causes and consequences of the difference between rats and Arvicanthis with respect to Fos expression in VP-IR cells in the SCN. There are at least two possible causes of this species difference. First, these two species might differ with respect to the function or anatomy of inputs to the VP-IR neuronal population in the SCN. For example, whereas the VP-IR cell population in the dorsomedial SCN of rats is not directly innervated by retinal inputs, this might not be the case in A. niloticus. Retinal inputs to the SCN of A. niloticus do project to the area containing VP-IR neurons as well as to other regions of the SCN (L. Smale and J. Boverhof, unpublished observations). Thus, it is possible that retinal inputs converge directly on VP-IR neurons in the SCN of A. niloticus, stimulating Fos expression during the light phase of the 24-h LD cycle. Differences between rats and Arvicanthis with respect to the function or connectivity of this or other inputs to the VP-IR cell population could account for this species difference. A second possible cause of the species difference seen in VP/Fos colocalization is that there could be a difference intrinsic to the VP-IR neurons; that is, the VP neurons might receive the same inputs from outside the SCN and/or from other SCN cells in rats and Arvicanthis, but they might respond differently to incoming signals in these two species. This also could account for the difference in Fos expression in VP-IR neurons of R. norvegicus and A. niloticus kept in similar conditions.
The functional consequences of the difference between R. norvegicus and A. niloticus with respect to Fos-IR and VP-IR colocalization are similarly unknown. The most interesting possibility is that this difference contributes to the differences between these species with respect to their patterns of rhythmicity. This hypothesis appears to be contradicted by the finding that nocturnal and diurnal A. niloticus are similar with respect to Fos expression in VP-IR neurons. Nevertheless, it is premature to rule out the possibility that this difference contributes to differences in rhythmicity for two reasons. First, although nocturnal and diurnal A. niloticus exhibit dramatically different wheel-running rhythms, they are similar with respect to several other aspects of their temporal organization. For example, both nocturnal and diurnal A. niloticus mate at the time of the morning activity bout, and under some conditions, both have diurnal rhythms in body temperature (J. Blanchong and M. Mahoney, unpublished observations). Thus, it might be that VP-IR neurons that express Fos during the light phase mediate one or more of these rhythmic functions that are similar in the nocturnal and diurnal A. niloticus but different in rats. A second possibility is that the mechanisms that mediate rhythm differences within a species differ from those mediating differences between species. For example, differences between nocturnal and diurnal A. niloticus might be caused by differences in inputs to the SCN, whereas differences between A. niloticus and R. norvegicus might be due to differences in VP-IR neuron function within the SCN. However, it also is possible that the difference we have discovered between the SCNs of A. niloticus and R. norvegicus is unrelated to the differences in their patterns of rhythmicity. This possibility receives some support from a recent report of Fos expression within VP-IR neurons in the SCN of mice, a nocturnal species. In mice kept in DD and exposed to a pulse of light during the photosensitive phase, approximately 13% of Fos-IR nuclei were found within the VP-IR cells in the SCN (Castel et al., 1997) . Thus, the expression of Fos within VP-IR neurons is not restricted to diurnal species, which lends credence to the idea that it might be unrelated to differences in rhythms expressed by nocturnal and diurnal species. However, these data do not provide conclusive evidence for such a contention for several reasons. The mice were exposed to a brief light pulse after being housed in constant darkness (Castel et al., 1997) rather than being kept on an LD cycle, as were the Arvicanthis examined here. Furthermore, mice are exceptionally opportunistic animals (Bronson, 1989) , and they might be more flexible with respect to their commitment to a nocturnal pattern of rhythmicity than are many other nocturnal species.
Patterns of Fos expression in the SCN have now been reported in two other diurnal rodents: the chipmunk, Eutamias asiaticus (Abe et al., 1995) , and the degus, Octodon degus (Krajnak et al., 1997) . In both of these studies, animals were housed in DD and pulsed with light during the photosensitive phase. In the degus, Fos in the ventrolateral SCN increased in response to light during the subjective night, as it does in nocturnal rodents. However, this did not happen in the dorsomedial SCN where VP-IR neurons are located. In this region, Fos-IR actually decreased when animals were pulsed with light during the subjective day (Krajnak et al., 1997) . If this response reflects what would happen in the SCN of the degus during the light phase of a 24-h LD cycle, then Fos might not be expressed in VP-IR neurons during the day in the degus as it is in A. niloticus. Chipmunks differed dramatically from the degus in that control animals that were kept in DD and did not receive a light pulse did not express any Fos in the SCN at any time of day, and light induced an increase in Fos in the SCN during both the subjective day and subjective night (Abe et al., 1995) . Taken together, the data on Fos expression in the SCN of diurnal rodents suggests that it is different from that documented in nocturnal rodents, but each diurnal rodent is different from the next. Interestingly, the three diurnal rodents that have been examined are members of the three main phylogenetic groups of rodents: the myomorphs (A. niloticus), the hystricomorphs (O. degus), and the sciuromorphs (E. asiaticus). Diurnality evolved independently in each of these three groups. Therefore, it is possible that the neural mechanisms underlying the evolution of diurnality are different in each of these phylogenetic groups, and these differences might be reflected in patterns of Fos expression that have been documented in diurnal animals. Clearly, further work is needed to elucidate the functional correlates and consequences of species differences in Fos expression within various subpopulations of SCN cells.
